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Abstract—An angled polished multimode (APM) fibre structure 
is described for the first time, to the best our knowledge, and its 
polarization dependence investigated theoretically and 
experimentally. Two angled planes are established in the 
multimode fibre (MMF) section of a single-mode-multimode-
single-mode (SMS) fibre structure using the fibre side-polishing 
technique, forming the APM fibre structure. This designed 
circular asymmetric geometry induces different propagation 
characteristics for the TE and TM modes within the MMF. 
Simulated and experimental results both show that this difference 
is enhanced as the polishing angle increases, and a maximum 
extinction ratio (ER) of the spectrum of 13 dB is achieved at a 
polishing angle of 85°. This polarization-dependent device has a 
simple fabrication process and is free from the limitation of 
coating functional materials, which is expected to be applied in 
non-linear optics, fibre laser and optical fibre sensing fields.  
 
Index Terms—Angled side-polishing, circular asymmetric 





odulation by polarization plays an important role in 
photonic devices, fibre lasers and telecommunications 
systems [1, 2]. To date, various polarizers have been developed 
to control the state of polarization of light. Among them, a 
straightforward way to fabricate a polarizer is to use materials 
with special optical characteristics. Graphene oxide (GO) is a 
two-dimensional carbon material consisting of hydrophilic 
oxygen functional groups, and a large attenuation difference 
between the two orthogonal polarization directions enables it to 
be a good candidate for applications which utilize polarization 
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modulation [3]. Due to the existence of surface plasmon 
polarizations (SPPs) supported by metal materials, a variety of 
metal materials including gold and silver have been used to 
develop polarizers [4-6]. Crystal materials such as liquid 
crystals (LCs) are also a good choice to modulate the 
polarization state, since the LC molecules can be re-orientated 
by changing the externally applied voltage [7]. These special 
materials can be relatively easily coated or incorporated on 
different optical waveguides and fibre structures; however, 
combining these special materials further increase the 
complexity and the cost of the designed polarizers. 
In addition to using materials with special optical properties, 
direct fabrication of waveguides with asymmetric geometry 
structures also provides a new approach for modulations of 
polarization. To date, asymmetric structures have been 
successfully introduced in photonic crystal fibres (PCFs) [8], 
silicon-on-insulator (SOI) systems [9, 10], and a twin 
waveguide coupling configuration [11]. However, these 
fabrication methods usually require elaborate design and 
accurate stacking on the structure, which often leads to 
complicated manufacturing processes and increased 
manufacturing cycles. 
The fibre side-polishing technique, a simple and effective 
method for optical fibre processing, has been widely used to 
fabricate fibre polarizers. In most cases, a flat plane is prepared 
on the surface of the fibre to form a well-known D-shaped fibre, 
and this flat surface is often used to provide a substrate for 
different coating materials [12]. For instance, birefringent 
crystals [13, 14], a polymer overlay [15], a single layer of thin 
aluminum [16] and single or double graphene stacks [17, 18] 
have been adopted and coated on the flat surface of a D-shaped 
fibre, and the realized ERs for the fabricated side polished 
polarizers were as high as 60, 60, 36, 22.6, 27 and 36 dB, 
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respectively. Although these polarizers prepared using the fiber 
side-polishing technology combined with the functional 
materials coating offer good polarization performance, the high 
cost and low stability caused by the need for external coating 
materials are unavoidable. 
In this article, an angled polished multimode (APM) fibre 
structure is described and its polarization dependence 
investigated theoretically and experimentally. It differs most 
significantly from normal polarizers which rely on the use of 
functional coating materials, whereas this APM fibre structure 
consists only of two planes with a specific polishing angle. The 
achieved circular asymmetric geometry results in different 
propagation characteristics for the TE and TM modes within the 
fibre. Both simulated and experimental results demonstrate that 
the polarization ER is improved as the polishing angle increases. 
The APM fibre samples with different fabrication parameters 
have been prepared experimentally, and a maximum ER of the 
spectrum of 13 dB is achieved with a polishing angle of 85°. 
Such a polarization-dependent device is free from the limitation 
imposed by the need for a functional coating material, which 
makes it a promising polarizer for use in the photonics field.  
II. THEORETICAL ANALYSIS AND DEVICE FABRICATION 
The schematic diagram of the APM fibre structure is 
illustrated in Fig. 1. The APM fibre structure consists of an 
SMS fibre structure where the MMF section was side polished 
in two different locations to form polished planes, each with a 
specific polishing angle. It can be seen from Fig. 1 that the two 
polished planes are angled to each other but that the polishing 
depth (PD) of the two polishing planes are the same. In this case, 
the acute angle between two polished planes is defined as θ. 
 
 
Fig. 1.  Schematic diagram of the cross section of the angled polished MMF. 
In order to determine the light propagation inside the fibre 
structure, a one-way guided-mode propagation theory is used to 
analyze the excited modes within MMF [19]. Given the circular 
symmetry of the fundamental mode (LP01) within SMF core, 
the input Gaussian beam is assumed to have a spatial field 
distribution of E(x, y, 0) [20]. In this case both the offset of the 
alignment between SMF and MMF and the radiation from 
MMF are neglected, hence only the LP0m modes of the MMF 
can be excited when the light launches into the MMF. The 
exited modes number of LP0m can be calculated using 






= =                               (1) 
where r is the radius of MMF, nco and ncl are the refractive index 
(RI) for the core and cladding of the MMF, respectively, and 𝜆 
is the wavelength in the free-space. 
Denoting the field distribution of the LP0m modes as Fm(x, y), 
the input light field distribution can be expressed as [21] 
                      
=1
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where cm is the exciting coefficient of m-th order mode which 
is defined as [22] 
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Therefore, the light field inside MMF at the propagation 
length of z can be expressed as [23, 24] 
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Fig. 2.  Simulated optical field distribution within an APM fibre structure with 
different propagation length (a) 2 cm; (b) 3 cm; (c) 4 cm. (d)-(f) are the intensity 
distribution of the output optical field corresponding to the cases in (a)-(c). 
Numerical simulations have been carried out using a full 
vector Beam Propagation Method (BPM) to further investigate 
the light field distribution within an APM fibre structure. The 
input optical field is Gaussian and is launched using a length of 
SMF. The mesh size in the profile direction (x, y) and 
propagation direction (z) were set to be 0.1 μm, 0.1 μm, and 10 
μm, respectively. The core/cladding diameter and RI of the 
SMF and MMF used in the simulation were 8.3/125 μm and 
1.4504/1.4447, 105/125 μm and 1.4446/1.4271, respectively. 
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The polishing angle θ and PD were set to be 70° and 20 μm, 
respectively. MMFs with lengths of 2 cm, 3 cm and 4 cm were 
chosen for the simulation since these lengths are neither too 
long nor too short for practical cutting and polishing and are 
typical of the MMF lengths found in previously reported SMS 
structures [25]. 
When the input wavelength was set to 1550 nm, the 
simulated optical field distribution results are shown in Fig. 2. 
It can be seen from Fig. 2(a)-(c) that there is no clear difference 
between the propagation patterns of the propagation optical 
field as the MMF length is increased from 2 to 4 cm. It means 
that the length of MMF does not have a direct effect on the 
propagation characteristics of the APM fibre structure. 
However, it can be seen from the simulated results in Fig. 3 that 
the SMS fibre structure with a length of 4 cm MMF has better 
spectral visibility, which is also consistent with results reported 
in previous articles [23, 26]. In addition, an SMS fibre structure 
composed of a shorter MMF is difficult to observe (locate) and 
is more easily broken during the polishing process.  Therefore, 
an MMF with a length of 4 cm was adopted to fabricate the 
APM fibre structure in this investigation. 
 
Fig. 3. The simulated spectra of SMS fibre structure with the MMF length of 2 
cm, 3 cm and 4 cm. 
 
The polarization dependence of the APM fibre structure of 
this investigation depends on the noncircular geometry formed 
by side-polishing. As shown in Fig. 1, the yellow-marked 
region is the portion of the MMF which still retains a circular 
symmetry and the other portion has a noncircular symmetry 
following angled polishing. The unmarked parts can be 
considered as corresponding to having an elliptical core and 
these elliptical core-like parts cause the differences in 
propagation between the TE and TM modes. It is worth noting 
that the noncircular geometry must penetrate into the fibre core, 
as penetration into the fibre cladding alone would have no effect 
on the TE and TM modes [27]. For example, the cladding of a 
D-shaped fibre is polished, but its core is still circularly 
symmetrical, which presents no polarization dependence [18]. 
In this investigation, a MMF was chosen because it has a larger 
core size, so it does not require an excessive polishing depth 
compared to an SMF. However, it is necessary to determine an 
effective PD for the MMF which induces differences in the 
propagation of the TE and TM modes. 
 
Fig. 4.  Schematic diagram of the experimental setup for angled polishing MMF. 
The influence of the PD on the output optical field 
distribution of the APM fibre structure was explored as well as 
determining an effective PD. For this purpose, APM fibre 
samples with different PD values but the same MMF length of 
4 cm and a polishing angle of 70° were fabricated using an 
accurate fibre polishing system. The fibre polishing system is 
shown in Fig. 4, which consists of three main parts, namely an 
electric roller, a CCD observation system and a control unit. 
The outside surface of the electric roller was covered with a 
layer of abrasive paper for polishing the MMF. The choice of 
roughness of the used abrasive paper was dictated as a result of 
a trade-off between polishing smoothness and polishing time. 
Based on previous work [28], the abrasive paper with 800 mesh 
roughness was selected to polish the MMF. The electric roller 
can move back and forth horizontally while rotating to produce 
different polishing lengths. The rotation speed and horizontal 
movement speed of the roller was tuned using an automatic 
control unit. The CCD camera was connected to a PC for real-
time monitoring of the PD of the MMF.  
Before polishing the MMF, a traditional SMS fibre structure 
was prepared by coupling a 4 cm length MMF (AFS105/125Y) 
between two sections of single-mode fibres (SMF-28). The 
fabrication process of the APM fibre structure is relatively 
simple and can be divided into three steps. Firstly, the SMS 
fibre sample was fixed with two fibre clampers, ensuring that 
the pre-polished section was positioned at the midpoint of the 
two fibre clampers. The second step was to set specific 
polishing parameters including the polishing length and PD in 
the control unit. When a single-side polished MMF was 
obtained, the SMS fibre sample was accurately rotated to the 
required angle. Finally, the above step 2 was repeated to 
fabricate the second polished side and complete the APM fibre 
structure.  
The microscope images of the cross section of the fabricated 
APM fibre samples are shown in Fig. 5(a)-(d), which have 
different PDs of 0 μm, 10 μm, 15 μm and 20 μm, respectively. 
In order to investigate the influence of the PD on the output 
optical field distribution of the APM fibre structure, the optical 
field distribution profile was measured using a laser beam 
profiler (Newport, LBP2), and the corresponding three-
dimensional (3D) results are shown in Fig. 5(e)-(h). It can be 
seen that when the MMF is unpolished, the optical field 
intensity along the x axial and y axial directions is symmetric 
as expected. When the angled polished MMFs have PDs of 10 
μm and 15 μm, the profile optical field distribution is still 
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approximately symmetrical. However, as the PD was increased 
to 20 μm, the output optical field intensity along the x axial and 
y axial directions changes dramatically. These initial 
exploratory experiments demonstrated that a polishing depth of 
20 μm is a feasible value for investigating polarization 
dependence of the APM fibre structure. 
 
Fig. 5.  Microscopic images of the cross section of the APM fibre samples with 
different PD (a) PD=0 μm; (b) PD=10 μm; (c) PD=15 μm; (d) PD=20 μm. (e)-
(h) are the 3D images of the output optical field distribution corresponding to 
the cases in (a)-(d). 
Based on the above exploration of fabrication parameters, 
three samples with selected MMF length of 4 cm and PD of 20 
μm but with different polishing angles of 45°, 65° and 85° were 
prepared, which are identified as Sample 1, Sample 2 and 
Sample 3, respectively in this article. The corresponding cross 




Fig. 6.  Microscopic images of the cross section of the angled polished MMF 
samples with different polishing angles (a) θ=45° (sample 1); (b) θ=65° (sample 
2); (c) θ=85° (sample 3). 
III. EXPERIMENTS AND DISCUSSION 
Fig. 7 illustrates the experimental setup for spectral 
polarization dependence measurement. The free ends of the 
APM fibre structure were fixed using two fibre clampers to 
prevent bending of the structure. A supercontinuum source 
(YSL, SC Series) was used to provide the input light signal, and 
the output light signal was recorded using a high resolution 
(0.02 nm) optical spectrum analyzer (OSA, YOKOGAWA 
AQ6370D). A polarization controller was linked within the 
light path to change the state of polarization of the input light, 
and the resulting polarization angle is defined as β.  
 
Fig. 7.  Experimental setup for the extinction ratio measurement. 
Numerical simulations were carried out to predict the 
spectral polarization dependence of the APM fibre structure. As 
shown in Fig. 8(a)-(c), the spectra in the TE mode have a 
smaller transmission loss compared to the cases in the TM 
mode. The largest ERs of Sample 1, 2, 3 were calculated to be 
3 dB, 5 dB and 6.5 dB, respectively. The simulated results show 
that the APM fibre structure exhibits a distinct polarization 
dependence, and this dependence is enhanced with an increase 
in the polishing angle.  
 
Fig. 8.  Simulated spectral polarization dependence of (a) Sample 1; (b) Sample 
2; (c) Sample 3. Measured spectral polarization dependence of (d) Sample 1; (e) 
Sample 2; (f) Sample 3. 
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Fig. 8(d)-(f) are the corresponding experimental spectral 
responses of Sample 1, 2, and 3 in different states of 
polarization. It can be seen that the measured results are in 
general agreement with the simulated results, in which the 
transmission loss of spectra in the TM mode is higher than in 
the TE mode. Moreover, the measured results also confirmed 
the polarization dependence of the APM structure on the 
polishing angle. The largest ERs of Sample 1, 2, 3 were 2.5 dB, 
7.5 dB and 13 dB, achieved at wavelength of 1577, 1575, 1546 
nm, respectively. The effective bandwidth of the samples is 
about 10 nm in each case. The discrepancies between the 
measured and simulated results can be explained as the 
inevitable polish surface roughness is difficult to include in the 
simulation model. Both the simulated and measured results 
show that the APM fibre structure has a greater effect on the 
propagation within TE and TM mode as θ increases, and hence 
results in a greater separation of the light intensity distribution 
in these modes.  
 
 
Fig. 9. Polar images of the output power (a) Sample 1 at the wavelength of 
1577 nm; (b) Sample 2 at the wavelength of 1575 nm; (c) Sample 3 at the 
wavelength of 1546 nm. 
The output power of three samples at the dip wavelengths of 
1577 nm, 1575, and 1546 nm in different polarization states 
were also monitored using a power meter. The input light was 
provided by a continuous wave (CW) tunable laser (TSL-510) 
with an output power of -15 dBm. The total insertion loss of the 
three samples was found to be in the range 8.5-9.5 dB which is 
introduced by the angled polishing process. This insertion loss 
value is similar to those the previously reported literature [17, 
18]. However, this value is still large for many practical 
applications. β was changed from 0° to 360° with a step of 30°, 
and the corresponding polar plot at the wavelength of 1577, 
1575, and 1546 nm for Sample 1, 2, and 3 are shown in Fig. 8. 
It can be seen from Fig. 9(a)-(c) that the largest output power 
occurs in the TE mode for which β was 0°or 180°, and the 
smallest values occurs in the TM mode for which β was 90° or 
270°. This characteristic was observed in all samples, which 
confirms that the APM fibre structure exhibits a controllable 
polarization dependence. The angled polishing method disrupts 
the standard circular symmetry of the MMF and brings 
differences in the propagation of different polarization modes, 
and such a difference can be tuned using θ.  
IV. CONCLUSION 
In this article, to the best of our knowledge, an APM fibre 
structure has been investigated for the first time and its 
polarization dependence determined theoretically and 
experimentally. Using the fibre side-polishing technique, the 
circular symmetry of the MMF was destroyed, which results the 
difference in the propagation of the TE and TM modes. Both 
the simulated and experimental results show that the spectral 
polarization dependence was enhanced as the polishing angle 
increases. Three samples with the same PD but different 
polishing angles were prepared and a maximum ER for the 
spectrum of 13 dB was achieved at a polishing angle of 85°. 
This polarization-dependent device has a simple fabrication 
process and does not require functional material coating, and is 
therefore expected to be applied in the non-linear optics, fibre 
laser and optical fibre sensing fields. 
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